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By making it possible to visualize virus antigens in infected cells, the fluores- 
cent antibody has offered a  direct approach to the study of the pathogenesis, 
and possibly diagnosis, of several virus infections (2-8). In a  previous publica- 
tion  (5), experiments were reported which dealt with  the progress of mumps 
virus infection in the amniotic sac of the developing chick embryo. The present 
studies  are  a  sequel  to  this  work and  were  carried  out  in  order  to  compare 
the growth of influenza virus under similar conditions. 
In 1940 Burner (9, 10) reported the propagation of influenza virus in chick embryos 
injected into the amniotic sac. Evidence of success was based on the occurrence of 
pathological changes in the lung, the cellular content of the tracheal fluid,  and the 
death of the embryo. At the time, this provided the simplest means of detecting in- 
fection and was used extensively in the isolation and characterization of many of the 
prevalent strains of influenza  virus (references  in 11). With the exception of certain 
strains  adapted  to  growth  on  the  chorioallantois  (10, 12,  13),  the  pneumotropic 
property was found to be exhibited by viruses derived from either man (10, 13-16), 
ferret (10, 12, 16), mouse (12), or egg (10, 12, 13, 16). Following amniotic inoculation, 
the major site of virus multiplication was believed to be in the cells lining the respira- 
tory tract although lesser amounts of virus were also detectable in the liver, brain, and 
"the posterior viscera." As determined by titration,  the concentration of the virus 
was found to be greatest in the amniotic and allantoic fluids. This was attributed to the 
steady discharge of fluid and infected cells from the trachea and upper respiratory tract 
into the amniotic fluid which was swallowed and passed through the alimentary tract 
into the allantoic cavity. Since  the trachea of the embryo does not become patent 
until the 10th to the 12th day of incubation, the demonstration of lung lesions usually 
required the use of embryos which were at least 12 (17) and preferably 13 to 15  days 
old  (18-20)  at the time of inoculation. In the younger embryos, an  impairment of 
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growth of the amnion was occasionally reported (21-23). With the slower growing B 
strain of virus, moreover, infection was produced in embryos injected on the 8th to 
the 10th day of incubation (24), suggesting that the virus either survived or multiplied 
in the amniotic sac prior to the perforation of the tracheal plug. 
That multiplication of influenza virus can take place outside the respiratory tract 
was shown by Nigg, Crowley, and Wilson (25, 26). Using the complement fixation 
reaction, these workers found that when the embryos were injected into the al]antoic 
or yolk sac, the amniotic and chorioaUantoic membranes provided the richest source 
of virus. No complement-fixing  antigens were detected in the embryo itself. In the same 
year, Henle and Chambers (27), Buruet (28), Hirst (29, 30), and McClellsnd and Hare 
(31)  reported the presence of large amounts of virus in the extraembryonic fluids. 
Using Hirst's method to study the distribution of influenza virus in embryos injected 
into the aUantoic cavity, Pearson (32)  found that the amount of infective virus was 
greatest in the aLlantoic membrane and fluid. Lesser amounts of virus were also demon- 
strable in the amniotic membrane  and fluid and, contrary to the results of Nigg, 
Crowley, and Wilson (25, 26), in the embryo itself. 
As in the experiments with  mumps, frozen sections of embryos in various 
stages  of  infection  were  tested  for  specific staining  with  fluorescein-labelled 
immune serum and the extent and brightness of the staining were correlated 
with  the increase in the infectivity and  the appearance of hemagglutinins in 
the extraembryonic fluids. 
Materials and Methods 
Stod~ V~ruses.--The virus used in most of the experiments consisted of the 30th to 32nd 
anantoic passage of the  PR8  strain of influen~ A virus. Several experiments were  also 
carried out with the 22nd allantoic passage of the Lee strain of influenza B virus. The IDso 
of the viruses ranged between 6.5 and 7.5 as determined by the formula of Reed and Muench 
(33). 
Inoculatlon of Eggs.--Groups of 1 to 3 dozen eggs were inoculated into the anmiotic sac 
with 0.1 nd. of a  10  ~  dilution of the respective virus and incubated at 35°C. The control 
eggs received similar injections  of normal allantoic fluid. The age of the embryos  used for inocu- 
lation ranged between 7 and 14 days. However,  the 7 to 8 day old embryos died earlier  while 
the small amount and increased viscosity of the amniotic fluids of the 13 to 14 day old embryos 
made adequate determinations of hemagglutiuins  and infectivity difficult. Most of the experi- 
ments were, therefore,  carried out using 10 to 12 day old embryos. 
Harvesting and Testing of Tissue and Fluids.--Immedlately after inoculation and at 4 to 6 
hour intervals thereafter, two to four embryos from the infected and control series of eggs were 
chilled and the embryos, membranes,  and extraembryonic fluids were harvested. The fluids 
were tested for the presence of hemaggintlnins,  and then stored at --70°C. for subsequent 
determinations of infectivity. The hemaggintinin and infectivity tests were carried out using 
the modified Salk technique of Enders and Levens (34). The embryos and membranes were 
quick frozen in rubber-stoppered test tubes and frozen sections, 4 to 8p in thickness, were made 
as in the experiments with mumps (6). The sections were stained with fluorescein-lsbelled 
immune serum according to the method of Coons and Kaplan (35) and observed under the 
fluorescence microscope. After the sections  had been studied and, when  neces~ry, photo- 
graphed, the coverslips were floated off and the tissues were fixed in formalin and stained 
with hematoxylin and eosin for further confirmation  of celluiar morphology. BARBARA K.  WATSO~ AND  ALBERT H.  COONS  421 
Preparation, A bsorpgon, and Tests  for the Specificity of the Fluor~cein-Labdled Sera.--Im- 
mune sera to the PR8 and Lee B strains of iaffuenza virus  were prepared in rabbits using multi- 
ple injections of infected allantoic fluids. Sera to the PR8 strain of influenza virus were also 
made in chickens. Crude globulin fractions of the sera were prepared and conjugated with 
fluorescein isocyanate according to the methods previously described  (35). As determined by 
hemagglutin/n  inhibition, the titers of the sera before conjugation ranged between  1:512 and 
1:2040. After the manipulations and dilutions required in the preparation of the conjugates 
(35), they were between  1:128 and 1:512. 
In the experiments  with mumps  (6),  two absorptions with chicken  liver powder were 
sufficient to remove the so called non-specific staining of the labelled monkey sere.  These 
sera were prepared by hyperimmunizing the animals with their own excised infected parotid 
gland antigens. Following  similar treatment of the influenza immune rabbit and chicken serum 
conjugates, staining was seen in sections  of normal embryos which in its appearance and 
distribution was indistinguishable from that present in the infected tissues. When, however, 
the conjugates were absorbed once with chicken liver powder and once with chick embryo 
powder, the staining of the normal sections was eliminated without affecting the st~dning of 
the infected sections. This suggested that the reacting material removed by the chick embryo 
powder was antibody produced in response to some normal cell constituent of the allantoic 
fluids used for immunization. The histologic localization of these antibodies,  moreover, indi- 
cated that the cellular distribution of the homologous antigens was restricted to the cells 
which supported the growth of the virus. The fact that sel~ produced in chickens stained 
normal embryonic tissue suggests that the antigens respousible for the reactions are lacking 
in the adult chicken. 
In addition to the controls furnished  by normal tissue sections, tests for the specificity of 
the staining included: (1) inhibition of the staining by unconjugated homologous immune 
sera and (2) failure to stain tissues from embryos inoculated with heterotogous virus. In aU 
instances the reactions described were specific. 
RESULTS 
ttistologic Localization  of the PR8 and Lee B  Strains of Influenza  Virus in the 
Chick Embryo 
The major sites of multiplication of the PR8 and Lee B  strains of influenza 
virus in chick embryos injected by the amniotie route were in the cells lining 
the amnion and in the epidermal and pharyngeal epithelium. Varying amounts 
of virus were also present in the epithelium of the allantois and less frequently 
in  the peritoneum.  The  localization of  the  virus in  the  last two  tissues was 
believed to be the result of contamination of the allantoic cavity and extra- 
embryonic  eelom in  the  course of  inoculation.  ~ In  the  25  embryos injected 
between the 7th and  llth  day of incubation and examined 48 hours later, no 
other staining was seen. Three out of five of the embryos inoculated with the 
PR8 strain of influenza virus on the 12th day of incubation, on the other hand, 
showed  in  addition extensive  involvement of  the  cells lining the  respiratory 
tract. 
As evidenced by the extent and  brightness of the staining seen at various 
x Some of the virus may also be transported from the amniotic to the allantoic cavity by 
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intervals, the infection of the amnion was at all times more advanced than 
that of either the epidermal or pharyngeal epithelium or of the lung (Figs. 1 
and 2). Whether this was due to the greater accessibility of the amniotic cells 
or to differences in their susceptibility was not readily apparent. During the 
earlier stages of the infection, the localization of the virus was clearly intra- 
nuclear (Figs. 3 and 4), although occasional cells were encountered in which 
only the nuclear membrane appeared to be involved. As the staining increased 
and some of the cells began to disintegrate, specific fluorescence was detectable 
in the cytoplasm as well, but in some of the cells  the nuclei were unstained 
(Figs.  5  and  6).  The  staining of the  cytoplasm, moreover,  appeared  to  be 
brightest along the cell walls in direct contact with the infected extraembryonic 
fluid. The amount of virus present in the tissues increased progressively until 
the  affected surfaces formed an uninterrupted line of fluorescence in which 
individual cells were difficult to identify (Fig.  7).  The peak of the infection 
was followed by massive cell destruction with the liberation of large numbers 
of cells and specifically stained cell debris into the adjoining cavities (Figs. 7 
and 8). At this time the localization of the virus appeared to be restricted to 
the cytoplasm of the cells, the nuclei showing no fluorescence (Figs. 9 and 10). 
In the parabronchi of the lungs, where the epithelium lining the lumina is 
several cells thick, the infection tended to spread to the deeper cells producing 
a broad zone of fluorescent staining (Fig. 10). As a result of the cytopathogenic 
effect of the virus,  the parabronchial  lining ultimately became disorganized 
(Figs. 11 and 12). 
No differences were detected in the general sequence of events observed in 
the staining of the various epithelial surfaces. Throughout the course of the 
infection the specific fluorescence of the infected cells was diffuse rather than 
granular. 
Correlation of lhe Specific Staining  of the Tissues with the Appearance of Hera- 
agglutinins and Increase in the Infectivity of the Extraembryonic Fuids 
The results based on the three methods used to follow the progress of the 
influenza virus infection are  summarized in Table  I.  The relative extent of 
the staining of the amniotic membranes is compared with the amount of virus 
present in the amniotic fluids of a  representative series of embryos injected 
with the PR8 strain of influenza virus on the 10th, llth, or 12th day of incuba- 
tion. As indicated, an increase in the infectivity of the aminiotic fluids was 
detectable as early as 6 hours after inoculation. No staining was seen, however, 
until the amount of virus produced was sufficient to cause hemagglutination 
and to give an IDa0 of greater than 4.5. With the inocula used, this was generally 
achieved sometime between the 18th and the 24th hour of the infection. In 
Experiment 3, however, in which the amount of virus present at the start was 
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glutinins  was detectable as early as 6  hours after inoculation.  The embryos 
injected on the 12th day of incubation and examined 48 hours later (Experi- 
ment 4) were embryos which showed extensive involvement of the cells lining 
the  respiratory  tract.  As evidenced by the  infectivity titers  attained  in  the 
amniotic fluids at this time there was very little difference in the amounts of 
virus produced in the embryos with and without lung lesions. 
TABLE I 
Hemagglulination  and  Infectivity  of Amnlo6¢  Fluids  as  Compared with the Staining  of tl~ 
Corresponding Membranes 
Experiment 1  Experiment 2 
Interval  Embryos 10  Embryos 10 
between  Test  days old*  days old* 
inoculation 
and harvesting 
Egg 1 
Less  than  Staining  -- 
30  min.  HA  -- 
IDte  1.5 
6 hrs.  Staining  -- 
HA 
ID~  2.0 
12 hrs.  Staining  + 
HA  + 
IDse  nd 
24 hrs.  Staining  + 
HA  + 
IDto  7.0 
48 hrs.  Staining  + 
HA  + 
IDte  >8.0 
Egg 2  Egg 1 
nd 
2.0  1.2 
nd  nd 
2.6  2.7 
nd 
+  -- 
nd  3.2 
+  + 
-t-  + 
8.5  7.8 
+  + 
+  + 
8.3  8.5 
Experiment 3 
Embryos I1 
days old* 
:Egg 2  Egg 1 
--  --  nd 
1.6  2.5 
nd  -b  -- 
3.7  4.8  -- 
3.7  4.8  -- 
+  +  + 
+  +  + 
7.7  4.8 
+  +  + 
+  +  + 
7.2  6.6  nd 
Experiment 4 
Embryos 12 
days old* 
Egg 2  Egg 1  Egg 2 
nd  nd 
2.8  <2.0  <2.0 
m 
<3.0  <3.0 
<4.0  <4.0 
+  + 
+  + 
4.8  7.0  >7.0 
+  + 
+  + 
>8.0  >8.0 
HA, hemagglutination. 
nd, no data. 
* Age of embryos at time of inoculation. 
With  the  slower  growing Lee  strain  of  influenza  B  virus,  no  staining  or 
hemagglutinins were detectable until the 24th to the 48th hour of the infection. 
The maximum infectivity titers of the amniotic fluids also tended to be one or 
two logs lower than in the PR8 eggs. 
Mortality and Patkology 
Despite their restricted distribution, the multiplication of the PR8 and Lee B 
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days. At the time of death, a fair proportion  of the embryos showed a dimin- 
ished amount of amniotic fluid and a relative contraction of the amnion which 
gave  the embryo the appearance  of being  constricted  by the amniotic sac. 
Microscopically, marked destruction of the cells lining the amuion and of the 
epidermal and pharyngeal epithelium was usually evident. With the exception 
of these  changes,  no  lesions were  detected in any of the embryos  injected 
between the 7th and llth days of incubation.  In the three embryos inoculated 
with the PR8 strain of influenza virus on the 12th day of incubation,  on the 
other hand, a  marked disorganization  of the architecture of the respiratory 
tract was  present.  The pathological  change  observed  in  the lungs of  these 
embryos was identical  with that previously  described by Burnet (9,  10). 
DISCUSSION 
The growth of influenza virus in the chick embryo resembles in many ways 
that  of  mumps  virus.  However,  whereas  the  infection  with  mumps  virus 
proceeds slowly and is of a self-limiting nature, the multiplication of influenza 
virus takes place rapidly, frequently resulting  in the death of the embryo in 
from 3 to 6 days. The use of fluorescent antibody made it possible to compare 
the progress of the two infections at the cellular level. 
When  the embryos used for inoculation  were  less than  12  days old,  the 
distribution of the PR8 and Lee B strains of influenza virus was identical with 
that previously reported for mumps (6). The virus antigens were detected in 
those cells which came into surface contact with the fluid of the cavity inocu- 
lated.  Following the injection of the amniotic sac,  these included  the  ceils 
lining the amnion and the epidermal  and pharyngeal epithelium.  Depending 
apparently on  the extent of the contamination of the allantoic cavity and 
extraembryonic  celom in the course of inoculation  varying amounts of virus 
were also present in the cells lining the allantois and less frequently in the 
peritoneum.  In contrast to the results with mumps infection,  2 three out of five 
of the embryos injected with the PR8 strain of influenza virus on the 12th day 
of incubation  3 showed, in addition, extensive  involvement of the cells lining 
the respiratory tract. Since, however, the staining of the membranes preceded 
that of the lung, and since the amount of virus present in the amniotic fluids 
of embryos with and without lung lesions did not differ significantly, most of 
the virus was clearly produced  outside the respiratory tract. As with mumps 
virus,  the limited distribution of influenza virus in the intact embryo is con- 
trary to the results obtained in tissue  cultures in which  the virus has been 
propagated  in  brain  (36), kidney, spleen,  and  gonads  (see 17), and  whole 
I Although specifically stained material was detectable in the lungs of embryos during the 
later stages of the mumps virus infection, this staining was clearly extracellular and consisted 
of cell debris inhaled from the pharynx. 
a Approximate time of the perforation of the tracheal plug. BARBARA  K.  WATSON  AND  ALBERT  H.  COONS  425 
embryo mince (37, 38). Thus, iJ the virus is picked up by the blood stream, it 
is apparently  incapable  of invading  the embryo by this  route.  In  this  con- 
nection, successful intravenous infection has been reported onlywith an atypical 
strain of virus adapted to growth on the chorioallantois  (39). 
Specific  staining  of the  tissues was first detectable when  the ID60 of the 
amniotic fluid reached a level of 4.5 or greater. With the inocuia used, this was 
generally achieved sometime between the 18th and 24th hour of the infection 
with the PR8 strain of virus and between the 24th and the 48th hour of the 
infection with  the Lee strain  of virus and  corresponded to  the  time of the 
appearance of hemagglutinins.  In the experiments with mumps, on the other 
hand,  the specific staining  of the tissues preceded the appearance of hemag- 
glutinins  and was detectable when the ID60 of the amniotic fluid  was as low 
as 2.4 (6). A possible explanation for this difference is that the cellular localiza- 
tion of the mumps virus antigens tended to be focal rather than diffuse. 
Cytologically, the progress of the influenza virus infection was characterized 
by a diffuse type of staining which was first detectable in the nuclei or the area 
around  the nuclear membrane and  later  in  the cytoplasm of the cells. This 
sequence of events could be used in support of the "genetic control mechanism" 
of virus growth (see 40) although it also raises a host of other questions. Among 
them are the following: (1) Can it be that the cells which comprise an epithelial 
surface are not all  alike,  so that  growth of the virus can  take place in  the 
cytoplasm of some cells and in the nuclei of others? It seems unlikely. However, 
Beveridge and Burner (20) have reported that when the virus of vaccinia is 
inoculated into the allantoic sac, a small number of lesions are produced over 
the surface of the membrane where it abuts on the albumen sac but not the 
amniotic or yolk sac.  (2) Is it possible that the metabolic systems required for 
the replication  of influenza  virus are distributed  throughout  the entire  cell, 
with  the  systems essential  for  the  earlier  stages of growth  residing  in  the 
nucleus while those necessary for the later stages of development being located 
in  the cytoplasm? This might be put to the test by attempting  to visualize 
cells in different stages of infection  in which the activity of various metabolic 
systems necessary for virus growth  is blocked in  a  manrber similar  to  that 
described by Ackerman  and  others  (reviewed in  41).  (3)  Finally,  could the 
staining observed indicate that the multiplication of influenza virus takes place 
primarily in the nucleus or nuclear membrane, which is damaged in the process 
permitting the virus to diffuse out into the cytoplasm? Damage to the nucleus 
could well account not only for the rapid destruction of the cells but for the 
differences in the outcome of the influenza and mumps virus infections.  What- 
ever the explanation for these findings,  they were clearly distinct from those 
obtained with the mumps virus infection  in which multiplication of the virus 
took place in multiple loci in  the cytoplasm of cells without producing any 
histologically apparent tissue damage. These observations lend support to the 426  IIVFLUENZA VIRUS INFECTION IN THE CHICK EMBRYO 
work of Ginsberg, Goebel, and Hordall (42, 43) in which indirect evidence was 
obtained that the mechanism of growth of the virus of influenza and mumps is 
different. 
The  successful  use of the fluorescent antibody in  the  localization  of two 
viruses capable of growth in the same cell type provides a  feasible approach 
to the study of mixed infections. Experiments dealing with competition between 
influenza  and  mumps  viruses are now in  progress.  Another  problem worth 
considering  is the role of soluble antigen in the staining  seen throughout the 
course of the infection with influenza  or mumps viruses. The use of properly 
prepared  and  absorbed  sera  in  conjunction  with  the  inhibition  test  could 
readily solve this problem. 
It is a pleasure to acknowledge the technical assistance of Mr~ Edna Rettig and the help 
of Mr. James C. Tucker, Harvard Medical  student, in performing some of the experiments. 
SUMMARY 
As evidenced by specific staining with fluorescent antibody, the major sites 
of multiplication  of the PR8 and Lee B  strains  of influenza  virus in  chick 
embryos injected by the amniotic route were in the cells lining the amnion and 
in the epidermal and pharyngeal epithelium.  Varying amounts of virus were 
also  present  in  the  epithelium  of  the  allantois  and  less  frequently  in  the 
peritoneum. No virus was detectable in any of the other tissues of 25 embryos 
injected between the 7th and 11th days of incubation and examined 48 hours 
later.  Three  out of five  of  the  embryos inoculated  with  the  PR8 strain  of 
influenza  virus on the 12th day of incubation, on the other hand,  showed in 
addition extensive involvement of the cells lining  the respiratory tract. 
Specific staining  of the  tissues was first detectable when the IDs0 of the 
amniotic fluids attained a level of greater than 4.5, which corresponded to the 
time  of the appearance  of hemagglutinins.  With  the inocula  used this  was 
generally achieved sometime between the 18th and 24th hour of the infection 
with the PR8 strain of virus and between the 24th and 48th hour of the infec- 
tion with the Lee B strain of virus. 
Cytologically, the multiplication of the influenza  viruses was characterized 
by a diffuse type of immunospecific  staining which was first detectable in the 
nuclei and later in the cytoplasm of the cells. The infection progressed rapidly 
and despite the restricted distribution of the viruses resulted in the death of 
the embryo in from 3 to 6 days. 
The  results  obtained  in  the  present  experiments  are  compared  with  the 
findings previously reported in similar  studies of mumps virus (6). 
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EXPLANATION  OF PLATES 
The photomicrographs are of tissue  sections  from chick embryos in various stages 
of infection with the PR8 strain of influenza virus. With the exception of Figs. 4, 6, 
and 8 (see below), they were taken under the fluorescence microscope after the tissues 
had  been  treated  with  homologous  immune  serum  conjugated  with  fluorescein 
isocyanate. 
PLATE 13 
FIG. i. Pharyngeal epithelium 18 hours after  inoculation.  Early infection.  X  140. 
FIG. 2. Folds of amniotic membrane  18 hours after inoculation.  Infection more 
advanced. X  140. 
FIG. 3. Part  of  same field  as  in  Fig.  2.  Diffuse  staining  of  nuclei  of  cells  in  epithelium 
of pharynx 18 hours after  inoculation.  X  560. 
FIG. 4. Same field  as in Fig. 3 after coverslip  floated  off and section was stained 
with hematoxylin and eosin and photographed under visible  light.  )< 560. 
FIG. 5. Part of  same field  as in  Fig.  2.  Diffuse,  predominantly extranuclear staining 
of amniotic membrane 18 hours after  inoculation.  X  560. 
FIG. 6. Same field  as in Fig.  5.  Hematoxylin and eosin.  )< 390. THE 3OURNAI, OF EXPERIMENTAL MEDICINE VOL. 99  PLATE 13 
(Watson and Coons: Influenza virus infection  in the chick embryo) PLATE 14 
FIG. 7.  Pharyngeal  lumen  and  tributary structures  48  hours  after  inoculation. 
All of the cells in the vertical tributary contain antigen, while many of the cells which 
formerly lined the principal lumen have desquamated.  ×  140. 
FIO. 8.  Part of same field as in Fig. 7 at higher magnification showing the pha- 
ryngeal lumen. Hematoxylin and eosin. X  about 200. 
FIG. 9.  Part of same field as in Figs. 7 and 8 showing viral antigen in the cytoplasm 
of the pharyngeal lining cells and in the cells lying free in the lumen.  ;< 560. 
FIG. 10.  Viral antigen in epithelial cells lining a parabronchus.  )< 560. 
FIG. 11.  Staining  of  disorganized  parabronchi  of  infected  lung  48  hours  after 
infection. ×  140. (Cf. Burner (9), Fig. 3.) 
FIG. 12.  Normal  lung  showing  gray-blue  autofluorescence  of  uninfected  para- 
bronchial epithelium.  ×  140  (same magnification as Fig. 11  but lower magnification 
than Fig. 10). THE  JOURNAL  OF  EXPERII~IENTAL  MEDICINE  VOL, 99  PLA~E  14 
(Watson and Coons: Influenza virus infection in the chick embryo) 